Zinc induces motor neuron death via a selective inhibition of brain-derived neurotrophic factor activity.
Amyotrophic lateral sclerosis is a debilitating disease that results from the deterioration and loss of motor neurons. The neurotoxic potential of Zn(2+), both in vitro and in vivo, has been well established; however, the mechanism(s) of zinc's toxicity remain unclear. Our laboratory has demonstrated that Zn(2+)-mediated inhibition of neurotrophins can induce cell death. The present study investigates the neurotoxic mechanism(s) of this metal ion by assessing zinc's selectivity in altering the neurotrophin BDNF, but not the neural cytokine CNTF, with respect to motor neuron survival. Embryonic day 15 rat spinal motor neuron cultures were maintained in either BDNF or CNTF. Terminal deoxynucleotidyl transferase-mediated dUTP-digoxigenin nick end-labelling (TUNEL) staining showed that exposure to 100microM Zn(2+) significantly increased the number of pro-apoptotic neurons in cultures maintained with BDNF, while these conditions had no effect on cultures maintained with CNTF. We also demonstrate that BDNF protomer cross-linking efficiency and TrkB receptor cross-linking to BDNF are significantly inhibited by Zn(2+), suggesting that a Zn(2+)-induced change in BDNF conformation inhibits receptor-binding activity. This study reveals a mechanism by which zinc toxicity is mediated via a selective loss in neurotrophin activity resulting in motor neuron death.